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Abstract 
Eukaryotic rDNA is typically transcribed into a 45S pre-
RNA which is. processed into mature 18S, s.as, and 28S rRNAs. 
In general ~A polymeras~ I trancription is quite species-
specific, although some examples of suc.cessful cros~-species 
transcription have been reported. s\>ecies variation in pre-
rRNA maturation has also been noted in the temporal order of 
processing steps and in the addition of extra cleavages. 
Insects.as and 28S rRNAs are cleaved into the 5.8S/2S and 
28Sa/28SB .moieties. The molecular mechanism and functional 
impact of these events is unknown. The expression of insect 
rDNA in microinjected Xenopus oocytes has been studied to gain 
insight into the extent of conservation of the processing 
machinery. Two rDNA constructs were made: 1) a circular rDNA 
unit from the .fungus fly, Sciara coprophila was created by 
intramolecular ligation of a cloned rDNA insert. from pBC2, and 
2) a chimeric rDNA unit was created by replacing the 3' half 
of Xenopus 28S rDNA (in pXLrlOlA) with the homologous Sciara 
rDNA containing the sequences that encode the 28S rRNA 
cleavage site. Results of primer extension, Sl nuclease 
protection and RNA Blot analyses using· a and B probes indicate 
transcription of each rDNA construct. Using an a probe in RNA 
blot hybridization, RNA of the size of 28Sa RNA was detected 
in oocytes injected with construct (#1), suggesting that 
processing had occurred. Primer extension experiments using 
1 
B probes have shown that the 28S heterologous transcripts 
from both constructs were cleaved in ·Xenopus oocytes in a 
similar fashion as Sciara 28S rRNA controls. Heterologous 28S 
transcripts were also found in RNP fractions containing> sos 
RNP particles suggesting t_hat heterologous transcripts may be 
complexed with Xenopus proteins. These results strongly 
suggest that the Xenopus transcriptional machinery is capable 
of transcriptional activation from a Sciara rDNA promoter. 
Futhermore, the results indicate that the 11 gap11 region of the 
heterologous 28S transcripts is processed in an insect 
specific manner and are capable of hybrid RNP formation. 
Future work will be aimed at determining protein-RNA 
interactions of the hybrid RNP particles. 
I 
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Introduction 
The ribosome is a complex of RNA and protetn on which 
protein synthesis occurs. Protein synthesis never takes place 
free in solution, but only on. the surfaces of the ribosomes, 
which might be regarded as miniature factories for making 
proteins. The structure and function of this highly 
specialized RNP (the ribosome) is still being actively 
investigated. Recent findings of the molecular mechanisms 
i~volved in translation have recently begun to unfold, and a 
variety of evidence points rather convincingly to the 
conclusion that ribosomal rRNA has a primary functional role 
in most, if not all, stages of protein synthesis. Ribosomal 
proteins have now been relegated to an important but more 
"' 
auxiliary role of facilitating the function of rRNA by 
inducing or stabilizing the conformation of functional sites 
in the rRNA. 
Organization and expression of rRNA genes 
The site of ribosomal biogenesis in eukaryotic cells is 
the nucleolus. Here tandem arrays of ribosomal RNA (rRNA) 
genes are studded with closely packed RNA polymerase I (Pol I) 
molecules. The active rDNA units in these tandem arrays are 
separated from one another by intergenic spacer regions (See 
Figure 1). Although no membrane separates the nucleol~s from 
the remainder of the nuclear contents, nucleoli have distinct 
·protein compositions constituting the high concentrations of 
3 
enzymes required for synthesis and processing of precursor 
:tRNA into the 18S, 5. 8S and 28S molecules found in mature 
ribosomes (Hadjiolov and Nikolaev, 1976). In higher 
eukaryotes, such as Xenopus, several subnucleolar structures 
have been discerned by 
.. 
various histochemical staining 
techniques. The fibrillar center (FC) copsists of the rDNA 
chromatin and is probably the site of the transcription by RNA 
polymerase I (Scheer and Rose, 1984). Surrounding the FC is 
the so-called dense fibri.llar component (DFC) which is likely 
to be the site of the major RNA processing steps and pre-
ribosome assembly. The granular component (GC) outside the 
DFC probably contains ribosomal subunits undergoing late 
assembly reactions ~nd awaiting transport to the cytoplasm 
(Spector et al., 1984). 
The region between the active rDNA units . . in a given 
repeat or intergenic spacer sequence (IGS) range from a few 
kilobase pairs to more than 30 kilobase pairs in length. This 
region of DNA probably serves multiple functions in directing 
transcription and is at least partly transcribed in the 
fruitfly (Murtif & Rae, 1985), frog (Labhart & Reeder, 1984) 
and mouse (Grumrnt et al .. , 1985). Repeated within the IGS in 
a species-specific fashion are at least two classes of 
elements with homologies to sequences found near the pre-rRNA 
initiation site. In the frog the active 12 base pair core of 
one class has "enhancer" properties and can function 
4 
independent of orientation or location (Reeder, 1984). The 
other class consists of 11 spacer promoters" that work 
. 
1n 
conjunction with the enhancer elements but are active in only 
one orientation (Dewinter & Moss, 1986). Transcripts of 
spacer sequences are codirectional with rRNA and appear to 
terminate near the pre-rRNA initiation point. Thus, the 
spacer may help load Pol I to increase its local density and 
facilitate pre-rRNA initiation by directed transcription. 
Transcription of ribosomal RNA (rRNA) genes by RNA 
polymerase I generally has been thought to be highly species-
specific with successful cross-species transcription being 
reported for only closely related species. Examples of this 
include the transcription of Xenopus laevis genes in Xenopus 
borealis oocytes (Sollner-Webb and McKnight, 1982), monkey 
genes in human extracts (Learned et al., 1982), rat genes in 
mouse extracts (Mishima et al., 1982) and mouse genes in rat 
and hamster cells (Lopata et al., 1986). However, two. 
recently published works have reported examples where rRNA 
genes are apparently transcribed by the polymerase I 
transcription machinery from a species that is not closely 
related. Trendelenburg et al. (1978) have shown by electron 
microscopy the transcription of the water beetle Dytiscus 
ribosomal DNA (rDNA) following microinjection into Xenopus 
laevis oocytes. Culotta et al. (1987) have shown that clnned 
rDNA from the frog Xenopus laevis is specifically transcribed 
5 
(J / ,,, 
in extracts prepared from mouse cells. In the latter case 
transcription is initiate14 base pairs away frbm the normal 
initiation site. 
Two distinct functional domains of the eukaryotic rDNA 
promoter for recognition and initiation have been mapped. 
These include an upstream control element (UCE) and a core 
element that ov~rlaps the start site (Jones, 19 8 8) . 
Biochemical fractionation studies of . various eukaryotic 
extracts indicate that there are at least two components in 
addition to RNA polymerase I required for transcription. 
Upstream binding factor (UBF) is a sequence specific DNA-
binding protein that activates transcription by binding to 
both control elements of the promoter (Bell et al., 1988). A 
second activity known as SLI is essential for promoter 
recognition and initiation by RNA polymerase I~ It is thought 
that SLI recognizes the rDNA promoter through protein-protein 
interactions with the DNA binding protein UBF. Bell et al. 
(1989) have recently shown that the sequence-specific RNA 
polymerase I transcription factors hUBF and xUBF isolated from 
human and Xenopus cells, respectively, recognize the same DNA 
sequence elements. 
The initial belief that Pol I ceased transcription 
shortly beyond the mature end of 28S RNA was recently 
challenged by discoveries of precursor RNAs extending much 
further downstream. 
• 
In the frui tf ly and frog ( Labhart & 
6 
Reeder, 1986), Pol I is thought to extend pre-rR~A through the 
IGS, probably terminating transcription close to the promoter 
for the next gene at th~ 3' end of the spacer region (Figure 
1). Three sites of 3' end formation, called Tl, T2, and TJ 
have b~en analyz~d. Tl and T2 are at the 5' end of the IGS 
and coincide with sites of rapid processing near the mature 3' 
end of 2 8 S RN A . TJ is at the 3' end of the IGS (3-4 kb 
downstream of Tl and T2) and appears to cause release of Pol 
I from the template 215 nucleotides before the next pre-rRNA 
start point. 
Labhart and Reeder (19$6) have shown that mutations of 
the T3 region that impair termination also reduce the amount 
of detectable transcript from the adjacent pre-rRNA promoter. 
As judged. by competition experiments against templates 
containing TJ, d~letions of a 7 base pair core of TJ appear to 
reduce the long term stability of the pre-intitation 
transcription complexes. The spacing between T3 and its 
downstream promoter is also critical. The insertion of only 
4 base pairs or more reduces pteferenti~l transcription and 
adding 29 base pairs or more has the same effect as deleting 
T3 entirely. It still remains to be shown whether termination 
lS necessary for transcription stimulation . . ln VlVO. 
Regardless, this work supports the notion that a terminator 
allows Pol I to be regulated according to cellular demands. 
Under more stringent conditions with termination factor ( s) 
7 
,! 
/ 
limiting, readthrough from the prior gene or the IGS would 
generate mirtimal levsls of rRNA even if initiation rates per 
se drop to very low levels (Proudfoot,1986). 
Processing of the primary transcript 
Ohce the 45S precursor transcript is formed, it undergoes 
a series of nucle~ide modifications and nucleolytic cleavage 
events that result in the formation of the 18S, 5.8S and 28S 
RNAs of the riboso~e. Processing results in the removal of 
the internal transcribed spacers and the maturation of the 5' 
terminus of 18S and the 3' terminus of 28S. A general 
·processing scheme for 45S pre-rRNA is shown in Figure 2. 
Analysis of secondary structure and heteroduplex mapping 
·of rRNA processing intermediates. indicates that there . lS a 
preferential, but not obligatory, order to the cleavages that 
liberate the mature rRNAs (Kass et al., 1990). The first set 
of events separates 18S rRNA from 32S rRNA (Bowman et al., 
1983). The second series of events separates 5.8S rRNA from 
26S-28S rRNA. However, in many if not most organisims, th~ 
first pre-rRNA processing cleavage occurs at a site within the 
5' external transcribed spacer (ETS), near the 5' end of the 
transcript (Kass et al., 1990). Also, early in the maturation 
process, a 3' external transcribed spacer that extends beyond 
the 28S region is removed (Gurney, 1985). Some species have 
8 
additional spacers that interrupt both the 5.8S and 28S rRNA 
coding regions, so that each of these rRNAs is further split 
(.Spencer et al., 1987). 
Multiple ribosomal RNA cleavage pathways have recently 
been demonstrated in a number of organisms. Bowman et al. 
( 1981) have demonstrated that the temporal order of the 
cleavage reactions of 45S rRNA in mouse L cells and HeLa cells 
is not fixed. In the different processing pathways, the rRNA 
cleavage sites are apparently identical and occur at or near 
the termini of the mature 18S, 5.8S and 28S RNAs. In both 
HeLa and mouse L cells 45S pre-rRNA is first cleaved near the 
~' end of the 18S RNA to produce 41S RNA. In both cells, 
subsequent 41S RNA cleavage occurs at apparently identical 
site~, but in a different order. This results in the formation 
of 36S RNA ~nd 18S RNA in mouse L cells, and of 32S and 20S 
RNAs in HeLa cells. Debeva et al. (1976) have found that both 
temporal cleavage pathways can occur in rat liver nuclei. 
Their results show that considerable flexibility exists in the 
order of cleavage of pre-rRNA molecules during processing in 
liver cells. 
Winicov (1976) has demonstrated an alternate temporal 
order in ribosomal RNA maturation in a temperatur~-sensitive 
BHK cell line. The temporal order of processing cleayages was 
shown to be different in this mutant cell line at the 
permissive (33.5°C) and non-permissive (38.5°C) temperatures. 
9 
I 
.I 
At the ·, . permissive temperature (33.5°C) I 32S RNA . lS the 
predominant intermediate. However, at the . . non-permissive 
temperature (38.5°C) approximately equal proportions of 36S 
and 32S RNA could be observed. In contrast, the parent BHK 
cell .line showed 32S RNA as the predominant species at 38.5°C 
or qt 33.5°C. 
Recently, Savino and Gerbi ( 1990) have shown for the 
first time the in vivo involvement of U3 snRNA in rRNA 
processing in Xenopus laevis oocytes. They have found that 
some toads have a single rRNA processing pathway, whereas in 
other toads, two rRNA processing pathways can coexist in a 
s_ingle oocyte. DNA oligonucleotides complementary to 
sequences in the 5' one-third of U3 snRNA were injected into 
Xenopus oocyte nuclei to disrupt endogenous UJ snRNA. UJ 
snRNA disruption in toads with the single rRNA processing 
/ 
I 
pathway caused a reduction iq 20S and 32S rRNA. In toads with 
two rRNA processing pathways, an increase in 36S rRNA from the 
second pathway was observed. UJ snRNA disruption in toads 
also prevented cleavage at the ITS I and 5.8S boundary in both 
RNA processing pathways. It is postulated that U3 snRNP may 
fold pr~-rRNA into a conformation that dictates the correct 
cleavage at the ITS I-5.BS processing site. 
Kass et al. (1990) have recently demonstrated that the UJ 
snRNP functions . in the first step of pre-ribosomal RNA 
. processing. Human U3 RNP contains at least six proteins 
10 
,,. 
( Parker and Steitz, 198 7) and a 21 7 nucleotide RNA ( Suh et 
a 1 . , 19 8 6 ) . One of the proteins is the high 1 y conserved 3 4 kd 
fibrillarin protein. Us.ing mouse cell extracts this group has 
found that the U3 snRNP not only binds selectively to rRNA 
processing substrates and their downstream cleavage products, 
but also is required for the primary processing reaction 
itself. Inhibition of in vitro processing by RNase H mediated 
cl~avage of U3 RNA and the coordinate retardation of UJ upon 
complex formation with rRNA ~ubstrates upon native gel 
electrophoresis identified the U3 snRNA as specifically 
involved. The U3 snRNP not only binds specifically to the 
p_rocessing substrate· but it remains bound to the processed 
rRNA product. 
Components that mediate rRNA processing reactions 
As previously mentioned, the small ribonucleoprotein 
particle UJ has been implicated 1n both 5. 8S processing 
(Savino & Gerbi, 1990) and 18S processing (Kass et al. ,1990). 
Recently, Kass and Sollner-Webb (1990) have demonstrated that 
the first mouse pre-rRNA processing event may occur in a large 
~omplex consisting of six polypeptides that are specifically 
cross-linked in vitro to the minimal rRNA substrate capable of 
processing. The RNA downstream from this processing site 
forms the .4 5S . . maJ or pre-RNA species, while the upstream 
sequences are rapidly degraded. 
11 
These processing complexes 
formed in a time-dependent mann~r, and once assembled, they 
were stable to challenge by competitor RNA and remained on the 
processed RNA. This complex has a sedimentation coefficient 
of approximately 20S; therefore, it should be detectable in 
electron microscopic preparations of nascent ribosomal RNPs. 
This complex may represent the "terminal knob" found near the 
5' ends bf nascent RNAs (a characteristic feature of Mill~r 
spreads of actively transcribing ribosomal chromatin). 
Shumard et al. (1990) have recently shown that a highly 
purified nucleolar endoribonuclease 1s involved in the 
processing of pre-rRNA at the 3' end of the 18S rRNA sequence. 
They have used an in vitro synthesized pre-18S rRNA transcript 
containing the 3' end of mouse 18S RNA and t~e 5' region of 
the first intern~l transcribed spacer as a substrate for the 
enzyme. Their results demonstrate that the purified nucleolar 
RNase frcim Ehrlich ascites tumor cell~ cleaves the in vitro 
synthesized pre-18S RNA transcript at three specific sites 
relative to the 3' region of -18S RNA. The first two sites 
include the mature 3' 18S RNA sequence and a site 
approximately 55 nucleotides downstream of the 3' end 18S RNA 
sequence. The other cleavage occurs approximately 35 
nucleotides upstream from the mature 3' end in the 18S rRNA 
sequence. Shuma·rd et al. ( 1990) concluded that the additional 
cleavage in the 18S RNA sequence results from a lack of 
12 
protection in this region in vitro which may be associated 
with ribosomal proteins in vivo. 
The results of the above study mimic the results obtained 
from in vivo studies fo~ processing of the 3' region of pre-
18S rRNA, supporting the proposed involvement of the purified 
nucleolar endoribonuclease in rRNA maturation (Raziuddin et 
a 1 . ,. 1 9 8 9 ) . This group has demonstrated transcription and 
processing of RNA from ~ouse rDNA transfected into Hamster 
cells. The formation of the 3' terminus of 18S RNA was 
assessed by Sl nuclease protection. They reported two 
protected fragments corresponding to the mature 18S 3' 
terminus and another about 55 nucleotides distal to the 3' 
terminus of 18S RNA. 
Fibrillarin 1s a protein lo~alized to the fibrillar 
compartment of the nucleoli with an apparent molecular weight 
of 34-36 kilodaltons and was originally identified 1n 
mammalian cells by autoimmune sera from scleroderma pat.ients 
(Lischwe et al., 1985). Based on immunological cross-
reactivity this protein appears to be well conserved among 
various species including .lower eukaryotes (Christensen et 
a 1 . , 19 8 6 ) . A f f i n it y p u r i f i e d ant i b o.d i es a g a inst f i b r i 11 a r in 
have been shown to precipitate RNPs containing the small 
nucleolar RNAs UJ, U8 and Ul3 (Lischwe et al., 1985; Parker 
and Steitz, 198 7; Tye and Steitz, 1989) .. Tol lervey et al. 
(1991) have created a conditionally lethal allele in the yeast 
13 
Saccharmyces cerevisiae by placing fibrillarin . expression 
under the control of a GAL promoter. Growth on glucose meditim 
results in the depletion of fibrillarin over several 
generations during. which cell growth is progressively 
impaired. Pulse labeling of proteins shows that fibrillarin 
depleted strains are greatly impaired in the production of 
cytoplasmic ribosomes, and the cells have reduced levels of 
rRNA. The pathway leading to 18S rRNA is particularly 
affected. Methylation of pre-rRNA is concomitantly impaired 
and unmethylated pre-rRNA accumulates and is not processed 
over long periods. 
Additional rRNA processing steps 
Some species have additional processing events beyond 
those which are common to· all eukaryotic species. Tetrahymena 
1s among the organisms that undergo a phenomenon coined 
"intron excision" in which an intron is excised as a linear 
molecule and the mature 28S rRNA exists as a continuous 
molecule (Zaug, et al., 1983). In the mitochondria of 
,Chlamydomonas reinhardtii, the large subunit rRNA occurs as 8 
fragments and the small subunit rRNA as 4 fragments (Boer and 
Gray, 1988). Additional spacers that i~terrupt the 28S rRNA 
have been shown in a variety of organisms including some 
protozoa ( Ca mpbe 11 et a 1 . , 19 8 7 ) , insects (de Lan v er sin and 
Jacq, 1989) , and bacterial . species ( Burgen et al. , 1990). 
14 
Processing of 26S-28S 1n trypanosome species demonstrates 
unus~al features involving multiple cleavages. In Trypanosoma 
brucei, the 26S rRNA . 15 further processed into two large 
fragments of approximately 1900 and 1600 nucleotides and four 
discrete small rRNAs of approximately 70 to 220 nucleotides 
(Campbell et al., 1987). 
In insects, the processing of the 26S-28S rRNA 1s 
characterized by a "hidden break" creating two nearly equally-
sized subunits, a and B. These subunits are held to each other 
via hydrogen bonding at the regions close to the cleavage site 
(Wollenzien et al., 1978) and probably through other long-
range interactiohs. The complete molecular mechanism for this 
processing event in insects has not been fully elucidated. 
However, it is known that 19 bases are removed in Sciara 
coprophila (Ware et al.·, 1985), 60 bases are removed 1n 
Drosophila melanogaster ( Delanvers in and J acq, 19 8 6) and 3 O 
bases are removed in Bornbyx mori (Fuj i.wara et. al., 1986). This 
break occurs in one of the eukaryotic-specific sequences in 
28S rRNA - the V9 region from the central domain. In insects, 
this processing phenomenon has been called "gap" processing. 
As to the compartment of the cell in which this 
processing event takes place, there exists some controversy. 
In insects, Jordan et al. 
- -
(1976) have concluded that the 
"Central" hidden break is already· introduced within the 
confines of the nucleus. Lava-Sanchez & Puppo (1975) have 
15 
\ 
shown the occurrence of 3 hidden breaks at specific sites in 
the 28S RNA of the insect Musca carnaria. This group has 
shown that splitting of 26S RNA into 4 fragments occurs 1n 
cytoplasmic ribosomes and not in the 45S RNA precursor in the 
nucleus. This group has found that the first hidden break 
occurs 5 to 6 hours after pulse labeling of 26S RNA and the 
second and third hidden breaks occur between 12 and 15 hours 
after pulse labeling of 26S RNA. Recently, Kister et al. 
(1988) have demonstrated in vivo synthesis and processing of 
pre-rRNA in isolated macronuclei from Tetrahymena pyrifomis. 
In this in vivo system, the introduction of the· "central" 
hidden bre~k has been shown to occur in some nuclear 26S rRNA 
molecules as demonstrated by the increase of 2 6S a and f3 
fragments. This contrasts with a previous study by Eckert et 
al. (1975) in which this processing event was thought to occur 
exclusively 1n the cytoplasm when pulse-labeled RNA was 
analyzed in vivo. A recent re-examination of this problem by 
RNA blot analysis indicates that the "hidden" break 
. 
lS 
introduced into 45S rRNA in the nuclear compartment (Ware and 
Sherman, submitted). 
The molecular mechanism of the "gap" processing event is 
currently unknown. In organisms that undergo "gap" 
processing, it was found that part of the ·11 gap" region may 
form a very AU-rich loop at the apex of a stem. In contrast, 
the comparable region of Xenopus and Physarum 28S rRNAs is 
16 
GC-rich throughout (Fujiwara et. al., 1986). Xenopus and 
Physarum 28S rRNAs do not undergo" gap" processing. What i.s 
perhaps more significant . 1s that the loop contains the 
sequence UAAU at about 10 bases upstream _of the 5' end of 28S 
B rRNA. The same sequence is absent in the V9 reg ion o\f 
Xenopus, Physarum and yeast 26S-28S rRNAs ( see Figure 3). 
Recently, Ogino et al. ( 1990) have shown that aphid species 
form an exceptional group of insects that lack the hidden 
break. Sequence comparisons of the aphid "gap" stem-loop 
region show that it is not AU rich. In addition, this region 
also lacks the UAAU ·tract. These results would suggest that 
specific signals are essential for the conservation of this 
process 1ng event (Fuji war a et al. , 198 6) , al though this 
hypothesis has not been tested formally. 
The V9. reg 10n where the "hidden break" occurs 1n 
eukaryotes is located in the middle of a highly conserved 
ribosomal protein binding site for ribosomal protein L25 
(Vester & Garrett, 1.984). The V9 region does not appear to be 
required for the interaction of L25 with the 26S RNA since the 
yeast protein binds efficiently to E.coli 23S RNA which lacks 
the V9 element (El-Baradi et al., 1985). In fact, the V9 
element may have a slight negative effect on L25 binding as 
judged by the more. efficient binding of this protein to 
bacterial compared to yeast large subunit rRNA (El-Baradi et 
a 1 . , 19 8·5) . Both the E.coli EL 2 3 and the 
17 
yeast L25 
proteins fail to bind to the structural equivalent of their 
binding site in mouse 28S RNA in vitro, which contains a much 
larger V9 structure than in yeast. It has also been shown 
that the yeast L25 fails to bind to a synthetic transcript of 
the Tetrahymena 26S RNA containing an intact V9 element, but 
does interact with mature Tetrahymena 26S RNA which has lost 
only a few nucleotides from the V9 region by post-
transcriptional ' processing ( V. C. Ware, personal 
communication). From these results, we have speculated in our 
laboratory that there may· be a correlative relationship 
between insect or ciliate "gap" processing in the V9 region 
and L25 homologue binding to 28S rRNA. 
In the insects Drosophila melanogaster and Sciara 
. ~'l\ 
coprophila, the second of these extra processing steps 
involves cleavage of a 2S .RNA fragment from the 3' end of 5.8S 
RNA. Jordan et ·a1. (1980) have found that the general 
organization of the 5.8S - 2S rDNA region in Sciara coprophila 
is similar to that found in. Drosophila melanogaster. In both 
organisms the precursor 160 nucleotide 5.8S molecule is split 
into a 123 nucleotide "5. 8S" molecule and a 30 nucleotid_e 2S 
molecule. The two coding regions are separated by a spacer 
sequence. On the basis of 
. primary sequence data and Sl 
nuclease accessibility experiments, the secondary structure 
around the spacer sequence in Drosophila melanogaster proposed 
by Pavlakis et al. (1979) is very similar to the secondary 
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structure around the spacer sequence in Sciara coprophila 
proposed by Jotdan et al. (1980_). 
These observations suggest that a specific structural 
motif may be essential for the removal of the spacer sequence 
that separates these two molecules. Jordan et al. (1976) have 
shown that this cleavage event . the cytoplasmic occurs in 
compartment of a Drosophila cultured cell line. The 
-of this . event . the cytoplasmic appearance processing in 
compartment suggests that this processing ev€nt occurs after 
the 5.8S RNA is already complexed with 26S RNA. 
The fact that there are common structures in the "gap" 
region of dipteran 28S rRNAs and dipteran 5.8S rRNAs that are 
absent in organisms that do not carry out these additional 
rRNA maturation steps would suggest that specific signals 
essential to the processing events have been generally 
bonserved. However, it is not known whether those organisms 
that do not carry out "gap" processing or 5. as processing have 
the enzymatic machinery to do so. It is possible that the 
machinery responsible for these species-specific cleavages has 
other functi_ons in a wider range of cells. It would be of 
interest to determine the extent of conservation of the 
. processing machinery between . organisms that carry out 
differential rRNA processing. 
In this regard, an approach to understanding the degree 
of conservation of the transcription and processing machinery 
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1n eukaryotes has been undertaken whereby rDNA from an insect 
species was microinjected into the germinal vesicle of Xenopus 
laevis oocytes. Preliminary Sl nuclease protection experiments 
had previously suggested that Sciara coproph"ila rDNA . lS 
transcribed to some extent in Xenopus laevis oocytes (V.C. 
Ware, unpublished results). These data, coupled with 
results from other laboratories where the transcription 
specificity question has been re-examined, suggest that the 
heterologous approach is a viable strategy to ask specific 
questions about the specificity of the transcription and rRNA 
processing appar~tus. 
This approach has been used to ask if Sciara coprophila 
rRNA genes are expressed in Xenopus oocytes. Analysis of RNA 
from microinjected oocytes by Sl nuclease protection assays, 
Northern analysis and primer extension analysis, shows that 
stable Sciara-specific transcripts are synthesized from a 
complete rDNA construct in Xenopus oocytes. A chimeric rDNA 
unit was also constructed in which the 3' half of Xenopus 28S 
rDNA was replaced with ·the hotrto~ogous region from Sciara 28S 
rDNA containing the "gap" site. This chimeric rDNA repeat 
containing a .xenopus promoter was created, in part, to compare 
the relative amounts of transcription from the Sciara and 
Xenopus rDNA promoters. Analysis of transcripts from both 
constructs shows that Sciara-specific 28S transcripts are 
processed in an insect-specific manner within Xenopus oocytes. 
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The implications of these results are discussed in the context 
of the conservation of the eukaryotic rRNA . processing 
machinery and the specificity of heterologous ribosomal 
protein-RNA interactions. 
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Methods and Materials 
1. Construction of rDNA: 
A. Construction of a Sciara rDNA repeat unit 
The plasmid pBC2 contains a complete rDNA repeat from the 
fungus fly Sciara coprophila cloned into the EcoRI site of 
pBR322 (Renkawitz et al., 1978). The entire repeat of 8. 4 
kilobase pairs was excised from the plasmid using EcoRI and 
gel purified by "clean-a-gene" purification (Andes Scientific 
Company). The purified rDNA repeat was ligated at a 
concentration of 1 ng/µL for 12 hours at 15°C using_ 5 units of 
T4 polynucleot·ide l igase ( Promega) in a 50 µL re·action volume 
producing the Sciara rDNA "minigene" ( Figure 4). The reaction 
mixture was extracted with phenol/chloroform and concentrated 
to 50 µg/mL in a buffer consisting of lOmM Tris-HCl (pH 8.0), 
o. 1 mM EDTA using the "clean-a-gene'' technique. The formation 
of covalently closeq, circular DNA by ligation was confirmed 
on a 0.5% ~garose gel~ 
B. Construction of a chimeric rDNA repeat unit: 
The plasmid pXLrlOlA contains a complete rDNA repeat 
from the South African clawed toad Xenopus laevis (Bakken et 
al., 1982) . A BglII/partial HindIII 14 kbp fragment from 
pXLrlOlA was ligated to a 2.75 kbp BglII/ApaI fragment from 
pBC2 that spans the "gap" region. The resultant 16.75 kbp 
fragment was made blunt-ended using T4 polymerase (Promega 
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Biotech) . The blunt-ended molecule was ligated . using T4 
ligase (Promega Biotech) creating chimeric construct pXLr101A-
S28B3' (Figure 5). 
2. Oocyte Microinjections 
Xenopus laevis females were anesthetized . on ice, a 
partial ovariectomy was performed to obtain oocytes, and the 
animals were sutured. The oocytes were immediately placed in 
a petri dish containing Holtfreter's medium (63mM NaCl, 0.7mM 
KCl, 0. 9mM Ca Cl 2 , 1. OmM MgC1 2 , 0. 2 2rnM NaHC03 , 2 OmM Tr is-HCl pH 
7.4) Individual stage IV or V oocytes were placed animal pole 
up on a nylon grid and centrifuged at 1000 x g for 10 minutes 
at 15°C. Approximately 20 nL of a solution containing 50 
µg/mL of Sciara or chi~eric rDNA was introduced by 
microinjection into the nucleus of each oocyte according to 
Birnsteil et al. (1978). After incubation for 6-24 hours at 
22 or l8°C, total RNA was extracted. 
3. RNA Extraction 
Total RNA was extracted from healthy oocytes by crushing 
10-50 oocytes in 500 µL of TENS buffer (0.2 M Tris-HCl pH 8.0, 
0.5 M NaCl, 0.01 M EDTA) with a sterile, DEPC-treated glass 
rod. An aliquot ( 500 µ.L) of phenol/chloroform/ isoamyl alcohol 
(25:25:1) was added and the homogenate was vortexed for 30 
seconds and centrifuged at 12,000 x g for 5 minutes at room 
temperture. The RNA was precipitated with 2.5 volumes of 95% 
ethanol. The RNA pellet was recovered by centrifugation at 
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12,000 x g for 15 minutes at 4°C and washed three times with 
75% ethanol and resuspended in 50 µL TE pH 8.0. RQl RNase-
free DNase (5 units; Promega) was added and the solution was 
incubated at 37°C for 30 minutes. The sample was extracted 
with one volume of phenol/chloroform and precipit~ted with 2.-5 
volumes of 95% ethanol. The solution was stored at -70°C until 
needed at which time the RNA was pelleted by centrifugation at 
4°C for 15 minutes at 12,000 X g. 
4. Synthesis and Labeling of Oliqonucleotides 
DNA oligomers complementary to the 28S a & 28S B regibns 
of Sciara coprophila were synthesized on a Biosearch 8600 DNA 
synthes.izer using the phosphoramidite method (see table I). 
The oligomers were 5' end labeled using T4 polynucleotide 
kinase (Promega) and [32P] d'ATP (ICN) according to the 
procedure of Davis (1986). The unincorporated nucleotides 
were removed from the labeled probes via spun column 
chromatography according to Maniatis et al. (1982) and stored 
in TE buffer at -20°C until needed. 
Labeled oligonucleotid~s that were nsed 
. primer 
extension experiments were further purified on a 10% 
.. 
polyacrylamide gel containing 7M urea~ The excised g~l band 
containing the primer was transferred to an eppendorf tube and 
purified by the "crush' & soak" method outlined by Maniatis et 
al. (1988). Briefly, the gel band was crushed with a pipette 
tip and incubated at 37°C with 2 volumes of elution .buffer 
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(0.5 M ammonium acetate, lOmM magnesium acetate, lrnM EDTA pH 
8.0, and 0.1% SOS) for 8 hours. The sample was centrifuged at 
12·,000 x g for 1 minute at 4°C. The supernatant was 
t~ansferred to a fr~sh tube and stored on ice for 30 minutes 
after the addition of 2 volumes of 95% ethanol. The probe was. 
pelleted by centrifugation at 12,000 x g for 10 minutes at 4°C 
and redissolved 1n 1/10 volume of 3M sodium acetate (pH 5.2) 
and 2 volumes of 95% ethanol and centrifuged as stated 
earlier. The pellet was rinsed once with 75% ethanol and 
redissolved in TE and stored at -20°C until needed. 
5. SI Nuclease Protection Analysis 
A. Preparation of radiolabeled DNA probes. 
The plasmid pBC2 (lµg) was digested with 10 units of 
Ava I (Promega) for 12 hours. The digest was phenol 
extracted, ethanol precipitated, resuspended in 50 µL TE pH 
8.0 and treated with 1 unit of calf intestinal phosphatase 
(CIP) (}2romega). The CIP-treated digest was phenol extracted, 
ethanol precipitated, and 5. I end labeled with T4 
polynucleotide kinase and [32P] rfATP according to the 
procedures outlined by -Maniatis et al. (1988)". The probe was 
purified . via spun column chromatography as previously 
described and stored in TE bu·ffer. 
B. Hybridization conditions. 
The labeled probe (50 ng) was mixed with total RNA extracted 
from 30 oocytes microinj ected with Sciara rDNA and 
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precipitated with 1/10 volume of 3M sodium acetate and 2.5 
volumes of 95% ethanol at -70°C for 2 hours. The nucleic 
acids were pelleted by centrifugation at 12,000 x g for 15 
minutes at 4°Ci washed once with 75% ethanol and resuspended 
in 3 0 µL of hyb_ridization buffer ( 4 O rnM PIPES pH 6. 4, lmM 
EDTA, 0.4 M NaCl, 80% formamide) according to the method of 
Maniatis et al. ( 1988) . The hybridization reaction was 
incubated at 85°C for 10 minutes and then transferred to a 
4 2 ° C water bath for 8 hours. SI nuclease digestion was 
performed according tci Favaloro et al. (1980). Ice-cold 
nuclease Sl buffer (300 µL: 0.28 M NaCl, 0.05 M Na acetate pH 
4.5, 4.5 mM zinc sulfate, 20 µg/mL single-stranded salmon 
sperm DNA, 1000 uni ts/mL S 1 nuclease) was added to the 
hybridization mixture for 30 minutes. Following incubation at 
37°C the reaction was stored on ice and stopped by adding 0.5 
M EDTA to a final concentration of 1·omM. Yeast tRNA and 400 
µL of isopropanol were added t·o precipitate the nucleic acids. 
The nucleic acids were recovered by centrifugation and 
resuspended in 10 µL of a solution containing 50 mM NaOH, 1 mM 
EDTA pH 8. 0. 
C. Alkaline gel electrophoresis. 
Alkaline gel electrophoresis of the Sl nuclease resistant 
DNA-RNA hybrid molecules was performed according to the method 
of Maniatis et al. ( 1988) . Alkaline loading buffer ( O. 2 
v o 1 ume s : 3 0 OmM Na OH , 6 mM EDT A , 18 % Fico 11 4 0 0 , 0 . 15 % 
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bromophenol blue, 0.25% xylene cyanol) was added to the 
recovered nucleic ~cids. Electrophoresis of the samples was 
performed on a 1% alkqline agarose gel (8cm x 10cm) consisting 
o-f SOmM NaOH, lrnM EDTA (pH 8. 0) in lx alkaline electrophoresis 
buffer (SOrnM NaOH, lmM EDTA) until the bromophenol blue dye 
migrated two thirds of the length of the gel. The gel was 
soaked in a solution of 7% trichloroacetic acid (TCA) for 30 
minutes at room temperature. After soaking, the gel was 
mounted on a glass plate and dried for 12 hours under layers 
of Whatmann JMM filter paper weighted with another glass 
plate. The dried gel was covered with saran wrap and 
subjected to autoradiography. 
6. Northern Blot Hybridization 
Total RNA purified from Sciara rDNA microinjected into 
oocytes was precipitated as previously described. The RNA was 
pelleted by centrifugation at 12,000 x g for 15 minutes at 
4°C, washed once with 75% eth~nol and resuspended in 20 µL of 
a buffer consisting of 50% formamide, 6% formaldehyde, 20 mM 
MOPS (pH 7.4), lrnM EDTA, 4% glycerol and 0.01% bromophenol 
blue. The RNA was denatured by incubation at 65.°C for 15 
minutes and fractionated on a 1% agarose gel (8cm x 10cm) 
containing 6% formaldehyde, lOmM MOPS pH 7. 4 and O. 07 µg/mL 
ethidium bromide with lOmM MOPS (pH 7. 4) as the running 
buffer. Electrophoresis was continued until the bromophenol 
blue dye had migrated two thirds the length of the gel after 
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which the gel was photographed and soaked for 45 minutes in 
20X SSC. The RNA was transferied onto nitrocellulose paper 
(Schleicher & Schuell) without further treatment for 20 hours 
as described by Davis et al. (1986). The filter was baked for 
2 hours at 80°C under vacuum and prehybridized for 2 hours at 
4 2 ° c· in a buff er containing 2 X SSC, polyv inylpyrrol id one ( PVP) , 
0.2% bovine serum albumin(BSA), 0.2% ficoll 400, 1 µg/mL 
salmon sperm DNA, 2 µg/mL yeast tRNA) according to the 
procedures outlined by Davis et al. (1986). Subsequently, the 
f i 1 t er was hybrid i zed for 2 O hours at 4 2 ° C ·1 n the same 
solution to which was added 0.25 µg of the 32P 5' end labeled 
al oligonucleotide probe. After hybridization, the filter was 
washed once in a plastic dish with 2X SSC prewarm.ed to 4 7 ° C 
for 5 minutes. The filt~r was changed to fresh buffer at l0°C 
lower than the incubation temperature and incubated at this 
new temperature for 30 minutes. The buffer was changed two 
more times at 30 minute intervals for a total of four washes. 
The filter was mounted on JMM filter paper, covered with saran 
wrap and subjected to autoradiography with an intensifying 
screen at -70°C. 
7. Primer Extension Analysis 
Gel purified (32P] 5' end labeled 28S a or 28S B primers 
were mixed with total RNA from Sciara or chimeric rDNA 
microinjected oocytes, and pelleted as previously described. 
The pellet was redissolved in 9 µL of sterile distilled water 
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and 1 µL of lOx reverse transcriptase buffer (340mM Tris-HCl 
pH 8. 3, 500mM NaCl, 60 mM MgC1 2 , 50 mM OTT) . The 
hybridization mixture was incubated at 62°C for 10 minutes to 
denature the nucleic acids. The mixture was quickly 
transferred to a water bath set at 42°C and incubated for 12 
hours. AMV reverse transcriptase (9 units) was added followed 
by 1 µL of extension buffer (375µM dNTPs, o. lM Tris-HCl pH 
8.3, 0.1M KCl, lOmM MgC1 2 , lOmM OTT). The reaction was 
incubated at 42°C for 15 minutes at which time 1 µL of a 10 mM 
dNTP . mix was added and the solution incubated for an 
·~\ 
additional 15 minutes. The solution was extracted with 
phenol/chloroform and precipitated with 95% ethanol. The 
solution was stored on ice for 2 hours after which the nuleic 
acids were recovered by centrifugation at 12,·ooo x g for 15 
minutes at 4°C, washed with 75% ethanol and resuspended in 5 
µL of tracking dye (80% formamide, 50% glycerol, lX PB; o~o9 
M tr is-borate, o. 002 M EDTA, o. O 1% bromophenol blue, 0. O 1% 
xylene cyanol). Electrophoresis of the sample was performed 
on a 10% polyacrylamide/8M urea gel (16cm x 25cm x 0.02cm) at 
160Q V constant voltage with lX PB as the runninq buffer. The 
bromophenol blue dye wa~ allowed to migrate the length of gel 
after which the gel was wrapped in saran wrap and subjected to 
autoradiography with an intensifying screen at -70°C. 
29 
\ .. , 
8. Isolation of RNPs 
An .RNP fraction known to contain ribosomes was isolated 
from oocytes microinjected with Sciara & chimeric rDNA by the 
method of Wasserman and Houle (1984). Thirty microinjected 
oocytes were crushed with a sterile glass .rod in 1 mL of 
buffer A (JOdmM KCl, lOmM MgC1 2 , 20mM Tris-HCl, pH 7.4, o.1% 
DEPC, 0.5% Brij-35). Samples were centrifuged at 12,000 x g 
for 5 minutes at room temperature. The supernatants were 
layered onto 2.5 mL 15% sucrose cushions made in buffer A. 
Samples were spun in an SW 55 Ti rotor at 30,000 rpm at 4°C 
for 2 hours. The supernatants were removed and the RNP 
pellets were resuspended in 200 µL TE pH 7.6. The pelleted 
RNPs were calculated to contain> BOS particles (_see equation 
l; Table II). The RNPs were extracted with phenol/chloroform 
and the aqueous phase transferred to a fresh eppendorf tube. 
A molar excess of the gel purified 5' end labeled B probe was 
added and the solution precipitated with 3M sodium acetate and 
2.5 volumes of 95% ethanol. The solution was stored at -70°C 
for 2 hours and pelleted by centrifugation at 12,000 x g for 
15 minutes at 4°C. The pellet was washed once with 75% 
ethanol and the isolated RNA was used as a template for AMV 
reverse transcriptase as previously described for primer 
extension analysis. 
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RESULTS: 
Confirmation of Sciara and chimeric rDNA constructs 
The Sciara rDNA construct consists of an entire Sciara 
8. 4kbp repeat 1 igated to produce a circular "minigene" ( Figure 
4) . The formation of covalently closed, circular DNA by 
ligation was confirmed on a 0.5% agarose gel by comparison of 
known .amounts of non-ligated Sciara rDNA to ligated ·Sciara 
rDNA ( Figure 6) . 
The chimeric rDNA construct (pXLr101A-S28B3') consists of 
a BglII/partia.l HindIII 14kbp fragment from pXLrlOlA ligated 
to a 2. 75kbp BglII/ApaI fragment from pBC2 that spans the 
"gap" region (Figure 5). Figure 7 demonstrates that the 
restriction endonuclease BglII & HindIII linearize the 
chimeric construct (Lanes 3 & 4) as compared to an equal 
amount of the undigested chimeric construct (Lane 5) and the 
BglII/partial HindIII 16 kbp pXLrlOlA fragment ( Lane 2) . 
Figure 8 shows that the chimeric construct remains resistant 
to Apa! endonucleas~ digestion (Lane 2) as compared to the 
undigested chimeric construct shown . 1n Lane 3 . A 
BglII/HindIII double dig~st of the chimeric construct yields 
two fragments of 10 kbp and 6. 75 kbp ih length whereas a 
BgII/HindIII digest of pXLrlOla yields two fragments of 10 kbp 
and 6 kbp in length (not shown). 
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Assay of rDNA constructs microinjected into Xenopus oocytes 
Preliminary SI nuclease protection experiments hav~ 
suggested that the Sciara rDNA construct is transcribed to 
some extent in Xenopus oocytes (Ware, unpublished results). 
These experiments were repeated as shown in Figure 9 using a 
5' end labeled Aval pBC2 digest as a probe. Aval digests pBC2 
into fragments of 5.6kbp, 5.0kbp and 2.0kbp in length (Figure 
10) . If Sciara transci;ipts are present and processed as 
endogenous Sciara rRNA, 1. 2kb of the beginning of 18S and 
O. 8kb of the beginning of 28Sa should be protected from 
nu~lease SI digestion. If Sciara transcripts are present but 
not processed, one would expect full protectioh of the 5.6kb 
fragment ~ssuming aberrant termination· or readthrough. 
Aberrantly processed transcripts would yield protected R_NAs 
different from those expected for unprocessed or correctly 
processed Sciara transcipts. The results show a .pattern of 
protected fragments that are consistent with an interpretation 
that the heterologous rDNA is expressed in Xenopus oocytes. 
Lane 5 of Figure 9 shows a prominent protected band of 
approximately 5. 6 kb in length. This band may represent 
Sciara transcripts that have not undergone extensive 
. processing. Extended exposure time reveals lower molecular 
weight bands as shown in lane 6 of Figure 9. These bands are 
comparable in size to the Sciara protected bands shown in lane 
3. This suggests that the heterologous Sciara transcript in 
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the Xenopus system is processed, and is not merely degraded. 
One might expect a smear if a degradation pattern were 
responsible for this result. However, correct or aberrant 
processing is yet to be determined. It would appear that the 
Sciara precursor transcript is very stable. 
SI nuclease protection experiments demonstrated Sciara 18S 
RNA transcription and processing in Xenopus. To determine 
Sciara 28S RNA transcription and processing, Northern analysis 
was performed . using the Sciara-specific 28S O'. 1 
oligonucleotide probe (Figure 11). Endogenous Sciara 28S RNA 
is composed of a & B subunits of approximately 2 kb each held 
together via hydrogen bonds. In a denaturing gel, these two 
subunits dissociate and migrate according to their molecular 
weights. If the heterologous transcript is processed at the 
5' and 3' ends, but not processed into a & B moieties, a 
fragment of approximately 4 kb should be detected using the al 
probe. If the 28S is correctly processed, the al probe should 
detect a fragment of approximately 2 kb in length .. Lane 2 of 
Figure 11 depicts a faint high molecular weight Sciara-
specific band. This band may represent the 5. 6 kb fragment 
that has not undergone extensive processing. Lane 2 also 
depicts a band of approximately 2 kb in length. The relative 
migration of this band is nearly equ,ivalent to the 28S a 
fragment of Sciara coprophila shown in lane 3, suggesting that 
the 28S region of the heterologous transcript is processed. 
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In order to better understand the processing fate of the 
Sciara 28S RNA, a chimeric rDNA construct was made as shown in 
Figures 5, 7, and 8. The chimeric rDNA construct consists of 
a Xenopus promoter region and has as part of its 28S RNA the 
Sciara sequence that contains the "gap" region (Figure 5). The 
amount of Sciara-specific transcription from both the chimeric 
and Sciara rDNA constructs was determined by primer extension 
analysis using Sciara-specifit a oligonucleotide piobes. The 
a primers are complementary to regions near the 3' boundary of 
the Sciara 28S a RNA. Extension of such a primer to a full 
length Sciara-specific transcript would not be expected to 
occur since Sciara 28S a RNA is approximately 2000 nucleotides 
in length. Primers that hybridize to sites gre~ter than 100 
nucleotides to the 5' terminus of an RNA molecule frequently 
generate heterogenous extension products because of the 
tendency of reverse transcriptase to stop or pause in regions 
of high secondary structure in the template RNA (Sisodia et 
al., 1987). Note that the 28S al primer has been extended in 
lane 2 of figure 12, indicating chimeric rDNA transcription. 
Since a low level of cross hybridization was noted with the al 
primer upon extended exposure, a primer with greater Sciara 
specificity ( a2) was made· and used to determine Sciara rDNA 
transcription. Note that the 28S a2 primer has been extended 
in lane 1 of Figure 13, indicating Sciara rDNA transcription. 
Together these results strongly suggest that the Xenopus 
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transcription machinery is capable of transcribing Sciara 
rDNA. 
Evidence of . of Sciara transcripts . Xenopus processing 1n 
oocy:tes 
~~ 
The Northern analysis (Figure 11) and Sl nuclease 
protection data (Figure 9) suggested that the Sciara rDNA 
transcripts are processed as endogenous Sciara RNA. However, 
it was unclear from these experiments if the "gap" region of 
the heterologous transcipts was processed as the endogenous 
Scia.ra "gap" region. 
Primer extension analysis using the B primer suggests 
that the 28S RNA of the Sciara and chimeric rDNA heterologous 
transcripts are processed into a & B domains. The 3' end of 
the B primer is 5 nucleotides downstream from the mature 5' 
end of the Sciara 2 BS B RNA. Lane 4 of Figure 14 shows 
extension of the B primer to the 5' end of Sciara 28S B RNA. 
Lanes 5 & 8 of this Figure, which contains total RNA from 
chimeric and Sciara rDNA microinjected ooctyes, respectively, 
shows extension of the B primer that is indistinguishable from 
that of the Sciara control. 
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Are heterologous transcripts present in ribonucleoprotein 
particles? 
It is important to determine if Sciara RNA can assemble 
with Xenop·us proteins to produce an RNP. Preliminary primer 
extension analysis using the B primet strongly suggests that 
the chimeric heterologous transcript can form hybrid RNP 
particles. RNA was isolated from an RNP fraction known to 
contain Xenopus ribosomes from oocytes microinj ected with 
Sciara and chimeric rDNA. This RNA served as a template for 
AMV reverse transcriptase as previously described. Note that 
the 28S B primer has been extended in Lane 6 of Figure 14 
which represents RNA from the chimeric construct. Note also 
that the extension of the primers are nearly identical to that 
of the Sciara control shown in Lane 4 of this Figure. This 
suggests that the processed . version of the chimeric 
heterologous transcript is capable of complexing with Xenopus 
ribosomal proteins. The 2·ss B primer does not appear to be 
extended in Lane 9 of Figure 14 which represents RNA from the 
Sciara rDNA construct. This suggests that the processed 
version of the Sciara heterologous transcript is incapable of 
complexing with Xenopus ribosomal proteins. 
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Discussion 
The aims of this study were to demonstrate if 
heterologous rDNA from a fungus fly, Sciara coprophila, . 15 
expressed . in Xenopus ooctyes. Expressed heterologous 
transcripts were found to be processed similarly to endogenous 
Sciara RNAs. Heterologous transcripts were also found in a 
fraction known to contain BOS RNP particles suggesting that 
the transcripts can associate with Xenopus proteins, 
pres~mably ribosomal. 
Sciara-specific transcripts are synthesized . in Xenopus 
oocytes 
The results of this study demon~trate the transcription 
of Sciara rDNA upon rnicroinjection into the germinal vesicle 
of Xenopus laevis oocytes (Figures 9, 13). It is presently 
unclear where transcription of the Sciara construct begins. It 
is possible that transcription begins at a site within the 
rDNA coding segments or at a site outside of the coding 
sequences, within the intergenic spacer region (IGS). However, 
transcription through the 18S region has been confirmed by SI 
nuclease protection analysis (Figure ·9). Presumably, the 
Xenopus polymerase I transcriptional machinery can recognize 
the Sciara rDNA template. This finding supports recent 
observations that question the strict specificity requirements 
of the polymerase I machinery. 
A 5.6 kb fragment that contains both Sciara !GS and 18S 
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sequences is protected from SI nuclease digestion (Figure 9;;~1 
This would not be expected if the IGS region were rapidly 
processed. It is possible that the Xenopus transcriptional 
machinery does hot recognize the Sciara terminator signal(s); 
instead, it appears that the Xenopus transcriptional machinery 
transcribes the entire Sciara rDNA repeat. Bakken et 
al. (1982) have shown unusually long transcripts when Xenopus 
rDNA was microinj ected into Tri turus oocytes. By electron 
microscopy Trendelenburg et al. ( 1979) have also shown the 
formation of unusually long lateral fibrils upon 
microinjection of the water beetle Dytiscus rDNA. One 
.explanation that is offered is that these structures may 
result from a failure of proper termination. It may b~ that 
the Xenopus termination factor ( s) does not recognize the 
Sciara termination sequence or signal leading to readthrough 
at this site. 
An alternative explanation to account for full length 
protection of the 5. 6kb fragment is that termination does 
occur but near the actual .start site of the rDNA repeat. The 
transcription of endogenous Xenopus rDNA is now thought to 
occur through most of the IGS region before termination 
(Mcstay & Reeder 1986). A common artifact of nuclease SI 
treatment is that small hairpin loops of DNA-RNA hybrids 
sometimes remain resistant to SI digestion. Nuclease SI 
cleaves the segment of DNA opposite a looped-out region of RNA 
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comparatively inefficiently (Sisodia et al., 1987). The 5.6 
kb fragment may simultaneously hybridize to an RNA molecule 
resulting from transcriptional termination into the IGS region 
near the Sciara rDNA start site and an RNA molecule resulting 
from correct transcriptional initiation. A looped-out segment 
of DNA would occur between the sites of transcription 
termination and transciption initiation. This loop may remain 
resistant to nuclease SI treatment leading to full length 
protection of the 5. 6 kb fragment. Although it is unknown 
where transcription starts, it appears that transcription 
factors and RNA Polymerase I must recognize ·features of the 
Sciara rDNA. The absence of a complete primary sequence of 
Sciara rDNA precludes a direct comparison of the promoter 
. 
regions. 
Reeder (1984) has suggested that different promoter 
domains are required under different transcription conditions. 
Sollner-Webb & McKnight (1982) have demonstrated that only a 
small DNA region immediately surrounding ·the Xenopus laevis 
initiation site is needed in microinjected Xenopus borealis 
oocytes, while a larger upstream region . 15 required for 
efficient initiation in vitro. An interesting possibility is 
that the Xenopus RNA Polymerase I transcriptional machinery 
recognizes the Sciara proximal promoter sequence leading to a 
basal level of correct initiation of transcription of the 
Sciara rDNA construct. This would suggest a similarity 
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between the Xenopus and Sciara proximal promoter regions. 
Transcription of chimeric rDNA was also shown to occur 
upon microinjection into Xenopus laevis oocytes (Figure 12). 
The chimeric rDNA construct is a pXLrlOlA derivative (pXLrlOlA 
contains a complete Xenopus laevis rDNA repeat) . 
Transcription from pXLrlOlA was previously shown to initiate 
at the correct rDNA promoter upon microinjection into Xenopus 
borealis oocytes (Sellner-Webb & McKnight 1982)_. We have 
noticed variability . in transcriptional levels . in 
microinjections of oocytes from different toads (not shown). 
Bakken et al. ( 1982) have shown that in the oocytes of some 
X.laevis toads the ribosomal genes show reduced polymerase 
density and short or absent nascent RNA chains. This group 
has shown that such oocytes are very poor in initiating 
transcription on injected rDNA plasmids. Most groups have 
used stages V & VI Xenopas laevis oocytes for rDNA 
microinjections since it was earlier shown that these stages 
are still highly active in ribosomal RNA synthesis (La Marca 
et al., 1973). -However, we have found that stage IV oocytes 
gave the highest transcriptional _levels from microinj ected 
rDNA constructs. .This is consistent with what one might 
expect given the developmental expression of rDNA in oocytes. 
It is generally accepted that during amphibian oogenesis, 
oocytes at the maximal lampbrush chromosome stage (stage IV) 
exhibit the highest levels of RNA synthesis (Davidson, 1968). 
40 
Most of the RNA synthesized in stage IV Xenopus laevis oocytes 
appears to be ribosomal (Gall, 1966); and the rapid 
accumulation of this stable product tends to obscure 
identification of other RNA classes. Ribosomal RNA synthesis 
is also considered to decrease substantially as oocytes 
complete their growth (Br.own, 1966). In fact, Crippa- et al. 
(1972) have reported that stage VI Xenopus oocytes contain an 
inhibitor of rRNA synthesis. In contrast with the above 
results, studies with full-grown Rana pipiens oocytes showed 
readily detectable incorporation of labeled precursor into RNA 
(Smith and Ecker, 1970). Mairy and Denis (1971) reported that 
RNA synthesis in oocytes taken from females recently induced 
to ovulate was preferentially reduced in small oocytes and 
elevated . 1n large ooctyes. In females not ovulated for 
several months, small oocytes exhibited the highest levels of 
RNA synthesis. 
observations. 
Our results tend to support the above 
The toads used in our experiments wer:e not 
ovulated for several months. Under these conditions, it was 
found that the smaller, stage IV oocytes showed higher levels 
·of rDNA transcription as was found by Mairy and Denis (1971). 
The Xenopus machinery is capable of heterologous RNA 
• processing 
Sciara is an organism that undergoes additional 
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processing steps such as 5. 8S processing and 28S "gap" 
. processing. X.enopus is an organism that does not undergo 
these additional processing steps. The majority of the Sciara 
heterologous transciipts are retained . in an unprocessed 
precursor form as confir~ed by SI nuclease protection analysis 
(Figure 9). 
protected 
Lane 5 of Figure 9 shows that the predominant 
band visualized is the heterologous precursor 
transcript (containing IGS sequences). Only after prolonged 
exposure as shown in -lane 6 of Figure 9 are there lower 
molecular weight fragments which presumably represent 
transcripts that have been processed into 18S RNA. It is not 
yet known whether the 18S heterologous RNA 
. 
15 correctly 
processed as is the endogenous Sciara 18S RNA. The 
heterologous precursor (containing IGS sequences) . is 
relatively stable compared to transcribed endogenous Xenopus 
IGS sequences. Labhart and Reeder (~986) have shown ·that most 
of the transcribed IGS sequences are rapidly degraded creating 
the predominant 40S pre-rRNA ending near the mature end of 28S 
RNA. It thus appears that the .
 processing kinetics of 
heterologous RNA in the IGS region is much slower than 
endogenous Xenopus transcribed RNA in the IGS region. 
In insects, the processing of the 28S rRNA 
. 
is 
characterized by a central break creating two nearly identical 
subunits in the V9 variable region. A comparison of the 28S 
rRNA structure in the "gap" region shows that conserved 
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sequence elements are present in dipteran insects which are 
absent in those organisms which do not undergo this processing 
event (Fujiwara et al., 1986). These observations suggest 
that specific signals may be essential for processing at this 
site although n6 direct evidence has been shown to support 
this notion. RNA blot hybridization of RNA from Sciara rDNA 
microinjected oocytes (Figure 11) and . primer extension 
analysis of RNA from chimeric ·and Sciara rDNA microinjected 
oocytes (Figure 14) show that the 2 BS heterol ogous RN As 
appear to be processed into a & B moieties as 1s the 
endogenous Sciara 28S RNA. These results indicate that the 
Xenopus cellular environment is conducive for the Sciara "gap" 
processing event. 
Several possibilities are under consideration to explain 
these processing results. It is possible that this processing 
event is an intrinsic property of the RNA. A specific 
conformation may be required for such a putative autocatalytic 
event. It has been known for some time that not all Group I 
intrans are self-splicing in vitro. Instead, it is likely 
that many of the intrans do not fold into the correct 
structure for self~splicing in the absence of proteins. This 
appears to be the case for the Neurospora large rRNA intron 
·which splices by guanine-addition in vivo but does not undergo 
self~splicing in vitro (Wollenzien et al., 1983). This group 
has shown that ribosomal proteins can bind to the 35S 
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precursor rRNA d.espi te the presence of the 2. 3 kb intron. 
This . lS consistent with the possibility that binding of 
ribosomal proteins preced_es RNA splicing. Likewise, a 
specific rRNA conformation inay be required for a putative 
autocatalytic "gap" processing event. Such a conformation 
conducive for the processing event may take place only after 
the binding of ·specific ribosomal protein (s) or RNAs. This 
may explain why "gap" processing is currently thought to be a 
late nuclear processing event (Jordan et al., 1976). 
In the absence of a self-excision ev~nt~ one must 
consider that the Xenopus cell has the machinery to carry· out 
this Sciara-specific 28S cleavage event. The role of "gap" 
processing in Sciara-like organisms and the significance of 
this processing event is currently unknown. One hypothesis is 
that this processing event must occur before proper binding of 
a L25-like ribosomal protein to this V9 region. This is based 
on the observation that yeast 125 faithfully recognizes the 
equivalent of its binding site in mature Tetrahymena 
thermophila 28S RNA, but fails to bind to a T7 in vitro 
transcript containing the precursor rRNA sequence (V.C.Ware, 
personal communication). An alternative hypothesis is that 
processing of the "gap" region may occur concomitantly with 
the bindirig of a. putative L25-like protein. The putative 
protein may bind with a somewhat lower affinity to the 
unprocessed 28S RNA. Once bound, however, it may catalyze the 
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removal of nucleotides from the "gap" region of 28S RNA 
leading to a greater affinity for its binding site. 
There is also the possibility that the 19 nucleotides 
that are removed from Sciara 28S rRNA are exposed to non-
specific endonucleases residing in both the Xenopus and Sciara 
systems. A comparison of secondary structur~ models of the 
processed V9 region from Sciara is very similar in size to 
that of the V9 region from Xenopus (see Figure 3) .. The 
processed Sciara V9 region is 24 nucleotides in length and the 
Xenopus V9 region is 26 nucleotides in length (Ogino et al., 
1990)~ The 19 nucleotides that are removed from the Sciara 
sequence may be exposed to an endbnuclease late in ribosomal 
biogenesis-. The insect Acyrthosiphon pisum (a pea aphid) 
lacks a hidden break (Ogino et al., 1990). The A.pisum V9 
secondary structure model depicts a stem-loop structure of 
only 29 nucleotides. Because of the small size of this V9 
region compared to some dipteran insect V9 . regions, this 
.region may be protected by a protein(s) and may not be exposed 
to a putative non-specific endonucleolytic attack. 
Supporting the view that nonspecific endonucleases may 
be involved is the work done by Sanchez & Puppo (1975). This 
group h~s found that a fragmentation process occurs in the 28S 
RNA of mature ribosomes of the insect Musca carnaria. The in 
I 
vivo appearance of the additional "hidden" breaks occurs at 
specific sites that fragment 26S RNA into four pieces. This 
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group was able to show that mild treatment of newly assembled 
ribosomes with pancreatic RNase reproduces the 26S RNA 
fragmentation pattern in vitro in the same way as it occurs in 
. 
VlVO. 
Another possibility is that the Xenopus ribosomal 
processing machinery is responsible for the heterologous "gap" 
. processing event. This would indicate that the "gap" 
processing machinery is not unique to Sciara-like organisms. 
The "gap" processing machinery may have additional processing 
roles that are conserved between organisms such as Xenopus and 
Sciara. Such examples of components having multiple processing 
roles have been suggested. For instance, Tye & Steitz (1989) 
have found that UJ snRNA is associated with< lOS to> BOS 
RNPs. This finding supports the view that UJ RNP may have 
multiple ribosomal processing roles. Nucleases involved in 
internal or external transcribed spacer excision are also 
candidates for a role in "gap" processing. 
The V9 variable . region . lS located within a highly 
conserved ribosomal protein binding site in domain III of 23-
28S rRNA. Studies have shown that ribosomal protein L23 from 
E.coli and yeast protein L25 can faithfully recognize the 
equivalent of its cognate binding site of the heterologous 
rRNA in vitro (El-Baradi et al., 1985). Musters (personal 
communication) has found that replacement of vari~ble region 
V9 of the yeast 26S rRNA by the equivalent element from mouse 
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or Tetrahymena thermophila does not affect the formation of 
functional ribosomes, nor does it interfere with the in vitro 
interaction of the surrounding rRNA . region with yeast 
ribosomal protein L25. The work presented in this paper 
supports the notion that the L25 binding site may be conserved 
between Sciara and Xenopus in vivo. The processed 28S RNA 
from chimeric rDNA expressed oocytes was found to be present 
in an RNP fraction by primer extension analysis using the B 
primer ( F.igure 14) . This RNP fraction was calculated to 
contain particles> BOS (see Table II}. It is uncl~ar whether 
this RNP fraction represents bona fide .hybrid BOS ribosomal 
RNPs. It is also unknown whether the hybrid RNP particles 
contain·a Xenopus L2~-like functional homologue. Heterologous 
28S RNA transcripts found in an isolated functional polysome 
fraction would suggest th~t L25 is bound to the hybrid RNPs. 
Lane 9 of Figure 14 indicates that the processed version of 
the heterologous 28S RNA from Sciara rDNA expressed oocytes is 
not present in the RNP fraction. This would suggest that the 
Sciara heterologous 28S RNA transcripts can be correctly 
processed but are not assembled in part or completely with 
Xenopus ribosomal proteins to form hybrid. ribosomal RNP 
particles .. Perhaps the· Sciara rRNA genes give rise to the 
accumulation of aberrantly processed intermediates that are 
incapable of proper assembly to produce hybrid ribosomal RNPs. 
Another possibility is that the structure of some or all of 
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the transcribed spacer regions of the Sciara heterologous 
transcripts may not be recognized by the Xenopus ribosomal 
processing machinery and are therefore inGapable of being 
processed. Primary sequence data from a number of eukaryotes 
indicates that the transcribed spacer sequences show much 
divergence between organisms whereas the coding· regions show 
much conservation between organisms (Gourse and Gerbi, 1980). 
Such putative unprocessed transcripts may be incapable of 
proper assembly with ribosomal proteins forming hybrid 
ribosomal RNPs. 
III. Summary and Future Prospects 
This study has provided strong evidence in support of 
Sciara and chimeric rDNA transcription in microinjected 
Xenopus oocytes. Present studies suggest that the heterologous 
28S RNAs are properly processed and that the chimeric 28S 
transcripts are capable of complexing with Xenopus ribosomal 
proteins forming hybrid BOS RNP particles. Future studies 
using this system will examine whether the Sciara heterologous 
18S and 5.BS RNAs are properly processed and ate capable of 
assembling into hybrid BOS particles. Additional studies will 
be undertaken to determine the possible function of hybrid 
ribosomes. Detection of heterologous RNAs in a polysome 
fraction would suggest that Sciara RNA could interact with 
Xenopus RNAs and proteins to form functional hybrid ribosomes. 
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Name size 
al 2lmer 
a2 15mer 
B 14mer 
\_ 
Sequence· of cDNA 
probe 
(5'--3') 
CCACTGTTCACACGAAACCC 
GTTTAATTTATGTTA 
AATAAAAGCGAAAG 
TABLE 1. Synthetic oligonucleotide cDNA probes complementary 
to the a and B subunits of the 28s rRNA from Sciara coprophila 
• 
A.) 
B. ) 
Sedimentation coefficient= 210log(x2L_x1l 
rpm2 ( t 2-t1) 
where; 
=210log(10.85cm/6.08cm) 
(30,000rpm) 2(7200sec) 
=8 .15 x10- 12 sec- 1 
x2= distance (in cm) from the axis 
of rotation to the top of the 
suspension= 10.85cm 
x1= distance (in cm) from the axis 
of rotation to the top of the 
pellet=6.08cm 
t 2= time (in seconds) after 
centrifugation=7200 seconds 
t 1= tim~ (in seconds) before 
centrifugation=O seconds 
1 Svedberg unit=sedimentation coefficient 
1 x 10- 13 /seconds 
=8. 15 x10- 12sec- 1 
1 xlo- 13/second 
=81.5 S 
TABLE 2. A) Equation and calculations for sedimentation 
coefficient. B) Equation and calculations for svedberg units. 
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Figure 1: 
Ribosomal 
microscopy. Frog 
DNA transcription 
oocytes were lysed 
as 
and 
viewed 
the 
by 
nuclear 
electron 
contents 
on were 
this 
captured 
material 
the surface of an electron-microscope grid; 
then dried and shadowed. Each "feather" 
of varying lengths 
rDNA transcription unit. The tandemly 
was 
represents nascent pre-rRNA molecules 
. 
emerging 
arranged 
from a single 
transcription 
. 
spacer regions (Figure 
f 
units 
taken 
are separated by nontranscribed 
from Darnell et al., 1986). 
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Figure 2. 
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A general processing scheme for the maturation of 
eukaryotic rRNA. The white boxes represent transcribed 
spacers and the black boxes are the mature RNA regions. Rapid 
initial processing may trim the rRNA precursor to the mature 
3' terminus. I.The separation of 18S rRNA from 32S RNA. 
II.The processing of 32S rRNA to yield 5.8S RNA and 28S RNA. 
III."Gap" processing found in some species, which divides 28S 
rRNA into a and B halves. IV.The separation of 2S from 5.8S 
RNA found in some dipteran insects (Figure taken from Gerbi ll 
g,l., 1985). 
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Figure 3: 
Comparison of secondary structure models for several V9 
expansion segments of 28S rRNA and the processed region of 
Drosophila 5.8S rRNA. Arrows indicate the processing sites 
(a3'; the 3'-end of 28Sa; the 5'-end of 28SB, m5.8S3'; the 
3 'end of ms. as rRNA, 2S 5'; the 5 '-end of 2S rRNA. The 
conserved UA.AU tract was boxed in the loop regions of 28S 
rRNAs and Drosophila 5.8S rRNA. The highly conserved sequence 
in all the 28S rRNAs is doubly underlined (Figure taken from 
Fujiwara et al., 1986). 
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The plasmid pBC2 contains a complete rDNA repeat from 
Sciara coprophila. The entire repeat of 8.4 kilobase pairs 
was cut out of the plasmid at the EcoRI restriction sites and 
joined by intramolecular ligation using T4 polynucleotide 
ligase creating the Sciara rDNA "minigene". 
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Figure 5: 
Construction of the chimeric rDNA repeat. A 14 kil·obase 
pair BglII/ApaI fragment from pXLrlOlA was ligated to a 2.75 
kilobase pair BglII/ApaI fragment from pBc2 that spans the 
"gap" region. This fragment was made blunt-ended using T4 
polymer~se and ligated, forming the chimeric rDNA construct 
pXLr101A-S28B3'. 
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Figure 6: 
23 
94 
6 6 
Photograph of an ethidium bromide stained 0.5 % agarose 
gel. Lane 1-lambda HindIII molecular weight markers 1n 
kilobase pairs; Lanes 2 & 3-15 ng each of ligated Sciara rDNA; 
Lane 4-15 ng of non-ligated 8.4 kbp Sciara rDNA. Note that 
the ligated Sciara rDNA migrates faster than the linear Sciara 
rDNA in a 0.5% agarose gel indicative of covalently closed, 
circular DNA. Upper arrow indicates linear non-ligated rDNA 
and lower arrow indicates ligated rDNA. 
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Restriction enzyme analysis of chimeric construct 
pXLr101A-S28B3'. Lane 1 - Lambda Hind III molecular weight 
markers in kilobase pairs; Lane 2 - BglII/partial HindIII 
digest of pXLrlOlA produces fragments of 16kbp, 12kbp, lOkbp, 
6kbp, and 2kbp; Lane 3 - BglII digested pXLr101A-S28B3' 
produces a fragment of 16.75kbp; Lane 4 - HindIII digested 
pXLr101A-S28B3' produces a fragment of 16.75kbp; Lane 5 -
undigested pXLr101A-S28B3'; Lane 6 - BglII digested pXLrlOlA 
produces a fragment of 16kbp. ,-
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Figure 8: 
Restriction enzyme analysis of chimeric construct 
pXLr101A-S28B3'. Lane 1 - Lambda HindIII molecular weight 
markers in kilobase pairs; Lane 2 - ApaI digest of pXLr101A-
S28B3'; Lane 3 - undigested pXLr101A-S28B3'. Arrow indicates 
relative migration rate of undigested chimeric rDNA. Note that 
the restriction endonuclease ApaI does not cut the chimeric 
construct. 
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Autoradiogram of an Sl nuclease experiment using a 5' end 
labeled Ava I pBC 2 digest as probe. RNA was hybridized to a 
·· molar excess of the labeled probe and treated with Sl 
nuclease. The product was run onto a 1% alkaline agarose gel 
and subjected to autoradiography. Lane 1 - probe alone; Lane 
2 - probe treated with Sl nuclease; Lane 3 - 50 ng Sciara 
total RNA; Lane 4 - Xenopus total RNA from 30 ooctyes; Lane 5 
- Xenopus total RNA from 30 oocytes microinjected with Sciara 
rDNA; Lane 6 - extended exposure time of Lane 5. Top arrow 
indicates electrophoretic origin; lower arrow indicates the 
5.6kb fragment present in the experiment lane. 
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Figure 10: 
Partial restriction map of pBC2. The restriction 
endonuclease Ava I cuts pBC2 3 times to produce fragments of 
5.6 kb, 5.0 kb and 2.0 kb in length (Renkawitz et al., 1979}. 
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Figure 11: 
Autoradiogram of a Northern blot using the Sciara-
specific 5' end labeled 28S al oligonucleotide as probe. RNA 
was run onto a 1% formaldehyde agarose gel, then transferred 
and fixed to nitrocellulose filter paper. NC filter paper was 
hybridized to the 5' end labeled oligonucleotide probe and 
washed using conditions outlined by Davis et al. (1986). The 
filter was then subjected to autoradiography. Lane 1 - total 
Xenopus RNA from 30 oocytes; Lane 2 - total Xenopus RNA from 
JO oocytes rnicroinjected with Sciara rDNA; Lane J - 500 ng of 
total Sciara RNA. Upper arrow in Lane 2 indicates high 
molecular weight heterologous transcript; lower arrow in Lane 
2 indicates heterologous transcript with a relative migration 
rate nearly equivalent to that of Sciara 28Sa RNA shown in 
Lane 3. Left hand margin indicates relative migration rates of 
Xenopus 4.0 kilobase 28S rRNA fragment and 2.0 kilobase 18S 
rRNA fragment. 
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Figure 12: 
Autoradiogram of a primer extension experiment using the 
5' end labeled Sciara-specific 28S al primer. RNA was 
hybridized to a molar excess of the labeled primer and treated 
with AMV reverse transcriptase. The product was run onto a 
10% sequencing gel and subjected to autoradiography. Lane 1 -
primer alone; Lane 2 Xenopus total RNA from 15 oocytes 
microinjected with chimeric rDNA; Lane 3 Xenopus total RNA 
from 15 oocytes. Arrow indicates relative migration rate of 
Sciara 21mer al primer. 
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Figure 13: 
Autoradiogram of a primer extension experiment using the 
5' end labeled Sciara-specific 28S a2 oligonucleotide as 
primer. RNA was hybridized-to a molar excess of the labeled 
primer and treated with AMV reverse transcriptase. The 
product was run onto a 10% sequencing gel and subjected to 
autoradiography. Lane 1 - Xenopus total RNA from 15 oocytes 
microinjected with the Sciara rDNA; Lane 2 - Xenopus total RNA 
from 15 oocytes; Lane 3 - primer alone; Lane 4 - 15 ng Sciara 
total RNA. Arrow indicates relative migration rate of Sciara 
15mer a2 primer. 
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Figure 14: 
Autoradiogram of a primer extension experiment using the 
5' end labeled Sciara-specific 28S B oligonucleotide as 
primer. RNA was hybridized to a molar excess of the labeled 
primer and treated with AMV reverse transcriptase. The 
product was run onto a 20% sequencing gel and subjected to 
autoradiography. Lane 1 - Xenopus total RNA as template; Lane 
2 - Xenopus RNA from an RNP fraction containing BOS rRNPs as 
template; Lane 3 - 28S primer alone; Lane 4 - Sciara total RNA 
as template; Lane 5 - RNA from chimeric construct oocytes as 
template; Lane 6 RNA from RNP fraction from chimeric 
construct oocytes as template; Lane 7 - 28S primer alone; Lane 
8 - RNA from Sciara "minigene" oocytes as template; Lane 9 -
RNA from RNP fraction from Sciara "minigene" oocytes as 
template. Note that the primer is complementary to a region 
5 bases downstream from the Sciara "gap". Arrows indicate 
relative migration rate of Sciara 14mer B primer. 
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